Introduction
On average, soybean (Glycine max L.) cultivars contain 40% of protein and 20% of oil, on a dry matter basis (Boerma & Specht, 2004) . Both protein and oil contents are in part determined by additive gene action, with heritability values ranging from medium to high (Rodrigues et al., 2010; Jaureguy et al., 2011) .
Protein content is most often negatively correlated with grain yield, whereas the association between oil content and grain yield is positive. Therefore, there is an inverse relationship between oil and protein content (Proulx & Naeve, 2009; Barbosa et al., 2011; Akond et al., 2012; Popovic et al., 2012) , and this association makes it difficult to develop productive cultivars with simultaneous high contents of protein and oil.
The selection for high protein or oil content should be preceded by analyses for genotype x environment interaction (GxE), since seed composition is affected by environmental factors, such as temperature, water availability, and nitrogen supply, especially during the seed-filling period (Ray et al., 2008) . In general, supplemental nitrogen during seed filling increases seed protein content, whereas water stress and high temperatures reduce both protein and oil contents in the seeds. Temperature has a more pronounced effect on oil content, but it also affects protein content (Rotundo & Westgate, 2009) .
The differential response of soybean genotypes to changes in environments is often evaluated by estimating the interaction effects of genotypes x locations, genotypes x years, genotypes x locations x years, and genotypes x sowing dates, although these effects are complex and the biological meaning of the contrasts is hard to explain biologically (Albrecht et al., 2008; Naeve & Huerd, 2008; Zhe et al., 2010; Barbosa et al., 2011) . After estimating the interaction effects, genotype performance against environmental variations should be evaluated by analyses of adaptability and stability, which allow for identifying cultivars with predictable or responsive behavior to environmental variations, in specific or broad conditions (Cruz & Carneiro, 2003) .
The adaptability and stability of soybean genotypes for grain yield have been profusely evaluated (Oliveira et al., 2006; Cucolotto et al., 2007; Pelúzio et al., 2008; Kamaluddin & Ahmad, 2012) . However, few of these analyses were performed for protein and oil contents. Brazilian studies on this regard often assessed a very small number of cultivars, with low protein or oil content, bringing small contribution to the breeding programs.
The objective of this work was to identify by biometric analyses the most stable soybean parents, with higher oil or protein contents, cultivated at different seasons and locations of the state of Minas Gerais, Brazil. (Silva et al., 2004) .
Materials and Methods

Forty
All experiments were carried out under a randomized complete block design, with three replicates. Fifteen seeds were sown per meter, with 0.5 m spacing between rows. After manual harvest, the grains were ground in an industrial mill, model MA020 (Marconi Equipamentos para Laboratório, Piracicaba, SP, Brazil). Soybean flours were analyzed for protein and oil contents by infrared spectrometry, using the Antaris II FT-NIR analyzer (Thermo Fisher Scientific Brasil Instrumentos de Processo Ltda., São Paulo, SP, Brazil).
A joint analysis of the experiments was done, with phenotypic data subjected to analysis of variance based on factorial arrangement, to test the effects of genotype, environment, and genotype x environment interaction, using the statistical model: Y ijk = m + G i + E j + GE ij + B/ E jk + e ijk . The effects of genotypes (G i ) were considered fixed, and the ones of environments (E ijk ), random. The variance components were estimated as: Ø g = (MSG -MSGE)/Er and δ 2 ge = (MSGE -MSR)/rL, in which MSG is the mean square of genotypes; MSGE is the mean square of the GxE interaction; MSR is the mean square of the residue; E is the number of environments; r is the number of replicates; and L = g(g -1), given that g is the number of genotypes.
After the joint analysis of the experiments, analyses of environmental stratification and of adaptability and stability of genotypes were performed according to the following methods: Wricke (1965) , Annicchiarico (1992) , Lin & Binns (1988) modified by Cruz & Carneiro (2003) , and centroid (Nascimento et al., 2009) . The proportions of simple and complex mean squares for the interaction between genotypes and pairs of environments (MSGxEjj') were calculated according to Robertson (1959) and Cruz & Castoldi (1991) . All analyses were performed using the Genes software (Cruz, 2006) .
Results and Discussion
Analysis of variance revealed a significant effect of genotypes on their protein and oil contents. Albrecht et al. (2008) and Shi et al. (2010) . Considering the general mean values, the highest oil percentage was obtained with the Suprema genotype (23.01%), followed by CD 01RR8384 (22.91%). The lowest value was observed with CS 3032PTA137-4-10 (16.48%). For protein content, the highest value was obtained with the BARC-8 genotype (45.18%), followed by BR 8014887 (44.71%). The Suprema genotype had the lowest percentage (34.25%).
Broad heritability values were high in the four evaluations, ranging from 0.90 to 0.95 for oil content, and from 0.86 to 0.96 for protein content. Oil and protein contents were negatively correlated, which agrees with the literature (Liang et al., 2010; Rodrigues et al., 2010) . These correlations were high, with small variation (r = -0.80** to -0.92**), revealing the degree of genetic association between the characters and explaining the difficulties for simultaneous selection.
The coefficients of variation were below 5%, which reveals good precision. Based on the ratio between the highest and the lowest residual mean square, the residual variances of the experiments were considered homogeneous.
The effects of genotype, environment, and GxE interaction were significant at 1% probability, for both traits (Table 1 ). The interaction was predominantly complex for both traits, in all pairs of environments.
The environmental effect had greater contribution to the variation in the characteristics, compared to the other main effects. The protein contents were higher in the experiment sown in December, and had similar values in the experiments sown in February and October. The oil content was higher in the experiment sown in October. This result can be attributed to the generally higher temperatures observed in this season, which positively influence oil accumulation. Barbosa et al. (2011) found that higher temperatures during grain filling favored oil accumulation and reported reduced oil contents in late sowings.
In the environmental stratification analysis, no group of environments showed nonsignificant GxE interaction. This result may be explained by the magnitude of the GxE interactions, which was high enough to prevent the absence of a similar response pattern of the genotypes in the pairs of environments (Cruz, 2006) .
Based on the estimates of the stability parameter of Wricke (1965) , the most stable genotypes in relation to oil and protein contents were Garantia (19.74% oil) and CD 226RR (39.62% protein), respectively (Table 2) . However, these genotypes did not stand out in their oil and protein contents. The following soybean genotypes were stable and had higher protein contents: CS 3032PTA276-3-4 (44.31% protein), B3PTA382-2-10 (43.80%), and CS 3032PTA137-4-10 (43.55%). None of the genotypes with great stability stood out as to oil content, except for CD 219RR (21.61% oil).
Using the recommendation index proposed by Annicchiarico (1992) , the BARC-8, BR 8014887, and CS 3032PTA276-3-4 genotypes had greater general stability for protein content. For oil content, the highest stabilities were shown by the CD 01RR8384, Suprema, and A7002 genotypes (Table 2) .
For the Lin & Binns (1988) method modified by Cruz & Carneiro (2003) , the BARC-8, BR 8014887, and CS 3032PTA276-3-4 genotypes had greater adaptability and stability for protein content, considering all environments (Table 3) . Similar results were obtained with the Annicchiarico (1992) method (Table 2) . For oil content, the CD 01RR8384, Suprema, and A7002 genotypes had greater adaptability and stability in all environments (Table 3) .
The centroid method (Table 4) assumes that the genotype with highest general adaptability is the one that shows maximum values for the variable in analysis, both in favorable and unfavorable environments; whereas the genotype with minimum values has little (1) Classification of the genotypes: I, high general adaptability; II, specific adaptability to favorable environments; III, specific adaptability to unfavorable environments; IV, little adaptability; V, mean general adaptability; VI, mean specific adaptability to favorable environments; VII, mean specific adaptability to unfavorable environments.
(2) Probability associated to the classification of the soybean genotypes.
adaptability. For protein content, eight genotypes were classified with high general adaptability: BARC-8, BR 8014887, CS 3032PTA276-3-4, B3PTA382-2-10, CS 3032PTA276-1-2, CS 3032PTA190-5-1, CS 3032PTA137-4-10, and B3PTA216-1-9, also indicated by the methods of Annicchiarico (1992) and of Lin & Binns (1988) modified by Cruz & Carneiro (2003) . In addition to greater stability and general adaptability, the BARC-8 and BR 8014887 genotypes had the highest mean percentage of protein. The other genotypes with high general adaptability by the centroid method also had high protein contents, above 43%. However, the CD 222, M-SOY 6101, and Suprema genotypes were poorly adapted for protein content.
For oil content, only the Suprema, CD 01RR8384, and A7002 genotypes had high general adaptability by the centroid method (Table 4) . These genotypes were also indicated by the methods of Annicchiarico (1992) and Lin & Binns (1988) . The CS 3032PTA190-5-1, PI 417360, CS 3032PTA276-1-2, CS 3032PTA276-3-4, and CS 3032PTA137-4-10 genotypes were poorly adapted.
The results of the different methods generally agree, except for the method of Wricke (1965) . This method indicated the CS 3032PTA276-3-4, B3PTA382-2-10, and CS 3032PTA137-4-10 genotypes for protein content -which were also indicated by the other methods -, and CD 219RR for oil content, also indicated by the methods of Annicchiarico (1992) and Lin & Binns (1988) . Sudaric et al. (2006) also observed significant GxE interaction for protein and oil contents, and soybean cultivars with wide adaptability and phenotypic stability for these traits. The significant effects of environments on protein and oil contents were also reported by other authors (Fehr et al., 2003; Ávila et al., 2007; Albrecht et al., 2008) .
Based on the estimates of adaptability and stability, and on phenotypic values, the BARC-8, BR 8014887, and CS 3032PTA276-3-4 genotypes stood out for protein content; whereas Suprema, CD 01RR8384, and A7002 stood out for oil content. The protein and oil contents for these soybean genotypes were higher than the ones found by Fehr et al. (2003) , Sudaric et al. (2006) , Ávila et al. (2007) , and Albrecht et al. (2008) . The Annicchiarico, centroid, and modified Lin & Binns methods selected similar genotypes, considering high productivity and wide stability.
Conclusion
The BARC-8, BR 8014887, and CS 3032PTA276-3-4 soybean genotypes are the best parents for increasing protein contents; whereas the Suprema, CD 01RR8384, and A7002 genotypes are the best for increasing oil content.
